Objectives-Vocal cord palsy seen in some patients with multiple system atrophy may result from neuronopathy of the recurrent laryngeal nerve. Methods-Six controls and six patients with multiple system atrophy, four with and two without vocal cord palsy were studied. The number of myelinated nerve fibres were counted and fibre diameter histograms were established for the motor and sensory divisions of the laryngeal branch of the recurrent laryngeal nerve. Results-Although both groups of patients with multiple system atrophy showed selective loss of the myelinated fibres in the motor branch, the change was greater in those with vocal cord palsy than in those without. The small myelinated nerve fibres (diameter < 7 pm) were decreased in number in both multiple system atrophy groups, whereas the large myelinated nerve fibres (diameter < 8 pm) were decreased only in those with vocal cord palsy, and preserved in those without the symptom. Conclusion-In multiple system atrophy, the small myelinated fibres innervating the vocal cord are affected first, without obvious clinical signs. The patient develops vocal cord palsy only after the loss of the large myelinated fibres, which mostly comprise the a motor axons that innervate the intrinsic laryngeal muscles.
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(y Neurol Neurosurg Psychiatry 1997;62:234-238) Keywords: recurrent laryngeal nerve; multiple system atrophy; vocal cord palsy Vocal cord palsy is common and may become life threatening in multiple system atrophy.' 2 3 Histological and EMG reports on multiple system atrophy have documented neurogenic changes in the posterior cricoarytenoid muscles, the sole abductor of the vocal cords.2 4 Bannister et al, in the only pathological study of the recurrent laryngeal nerve in multiple system atrophy, found no gross abnormalities in one patient and no focal changes in another.2 They made no attempt to document the number of myelinated fibres, the fibre diameter distribution, or the difference between the motor and sensory branches. The recurrent laryngeal nerve divides into the cricopharyngeal branch, which innervates the cricopharyngeal and inferior constrictor muscles, and the laryngeal branch, which sub- Loss of large myelinated nervefibres of the recurrent laryngeal nerve in patients with multiple system atrophy and vocal cord palsy Figure 2 The posterior cricoarytenoid muscles were removed in five of the six patients with multiple system atrophy together with the other intrinsic laryngeal muscles-interarytenoid, lateral cricoarytenoid, and cricothyroid. Cryosections excised from these muscles were stained with haematoxylin and eosin and ATPase. The 1A) . Each nerve specimen was dehydrated and embedded in epoxy resin after fixing in 2-5% glutaraldehyde in 0 1 M phosphate buffer at pH 7-4 for 12 hours and postfixation in 1% osmium tetroxide for three hours. Transverse semithin (0 5 pm) sections were cut and stained with toluidine blue. For measurement of the transverse branch area (mm2), using photomicrographs of x 180 magnification we followed the outer edge of the branches with the cursor of the digitiser attachment on a programmed personal computer (NEC PC-9801). Photomicrographs of x 1200 were used to estimate myelinated nerve fibre density (number/mm2) and the fibre diameter distribution of the myelinated fibres. For fibre diameter analysis, the lengths of the minor axes of the myelinated nerve fibres were measured with the digitiser of the computer to plot the fibre diameter distribution on a linear scale at 1 0 pm intervals. The number of myelinated nerve fibres (number/branch) was calculated from the density and transverse branch area.
Results
In the patients with multiple system atrophy with vocal cord palsy, the posterior cricoarytenoid muscles were thin in gross appearance bilaterally, showing pronounced neurogenic changes ( fig 1B) . A clear grouped atrophy was seen in all, whereas fibre type grouping was more prominent in some than others, suggesting various degrees of reinnervation. By contrast, no abnormal histopathological changes were found in those without vocal cord palsy. The other intrinsic laryngeal muscles showed no detectable abnormalities in either group. Examination of a complete section of the laryngeal branch removed at the lower border of the posterior cricoarytenoid muscles disclosed two distinct patterns: type 1 consisting of large and small fascicles (fig 2, top) , and type 2 with one fascicle comprising large and small regions (fig 2, bottom) . At (fig 3 and table) .' Similarly, the patients with multiple system atrophy with vocal cord palsy had significantly fewer myelinated fibres for the motor branches-averaging only 33% of controls-than those without vocal cord palsy-averaging 66% (fig 3 
and
Loss oflarge myelinated nerve fibres of the recurrent laryngeal nerve in patients with multiple system atrophy and vocal cord palsy the number of myelinated fibres seen in the present study also suggests a loss of the motor neurons that innervate the intrinsic laryngeal muscles. Thus although further proof is necessary before definite conclusions can be drawn, the currently available data implies neuronopathy involving the nucleus ambiguus as a cause of vocal cord palsy in some patients with multiple system atrophy.
The laryngeal branch of the recurrent laryngeal nerve supplies not only the posterior cricoarytenoid muscles but also other intrinsic laryngeal muscles-which include the interarytenoid, lateral cricoarytenoid, and cricothyroid muscles. Neurogenic changes were, however, confined to the posterior cricoarytenoid muscles in our patients, in agreement with results in previous reports.2 9 These findings imply that the bundle of nerve fibres destined to innervate posterior cricoarytenoid muscles is selectively affected in multiple system atrophy. None the less, we found diffuse rather than topical loss of myelinated nerve fibres in this part of the motor branches subserving the laryngeal branch of the recurrent laryngeal nerve (fig 3) . To rule out selectivity at the neural level, it is necessary to establish the innervation pattern of the intrinsic laryngeal muscles more clearly. At this level, the nerve fibres innervating different muscles may be mingled without forming separate bundles. Histological studies of the recurrent laryngeal nerve in cats using the horseradish peroxidase tracer technique disclosed no grouping of the nerve fibres that subserved the laryngeal abductor and adductor muscles.'2 Results of partial ligation of equine recurrent laryngeal nerve also suggested mingling of the myelinated nerve fibres for the abductors and adductors within the nerve.'3 Under this circumstance, it is unlikely that focal lesions of the recurrent laryngeal nerve result in selective denervation of individual laryngeal muscles.
Alternatively, it is possible that the posterior cricoarytenoid muscles are more vulnerable than the other laryngeal muscles to motor neuropathy affecting the laryngeal branch of the recurrent laryngeal nerve as a whole. Regardless of the underlying aetiology, the loss of the large myelinated fibres in the laryngeal branch of the recurrent laryngeal nerve results in relatively selective atrophy of posterior cricoarytenoid muscles in advanced cases of multiple system atrophy with vocal cord palsy.
